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Compounds 8 to 10 were prepared using a modified literature procedure. 4 NMR solvents were purchased from Cambridge Isotope Laboratories (CDCl3) or SigmaAldrich (CD2Cl2). Solution-phase NMR spectroscopy was conducted on a Bruker AV III HD 400
MHz spectrometer at 298 K. Multiplicities are described as s (singlet), d (doublet), t (triplet), or m (multiplet). Fourier transform infrared (FTIR) spectroscopy was conducted on a PerkinElmer FT-IR spectrometer with a universal attenuated total reflectance (ATR) attachment using a diamond crystal. High-resolution mass spectrometry (HRMS) was performed by Marshall Lapawa (UBC Mass Spectrometry/Microanalysis Facility).
For photophysical characterization, solution samples in a quartz cell with a 1 cm path length were prepared in the dark to minimize photoconversion. UV-vis spectroscopy was conducted on a Cary Varian 5000 UV-vis-NIR spectrophotometer. Photoluminescence (PL) spectroscopy was conducted on an Edinburgh Instruments FS5 spectrofluorometer. The excitation wavelength was 365 nm. For solution samples, the slit width for excitation was 1.5 mm and the slit width for emission was 1.5 mm. The integration time was 0.1 s. For solid state samples, the slit width for excitation was 8 mm and the slit width for the emission was 1.25 mm. The integration time was 0.1 s. Absolute quantum yields were measured using a SC-30 integrating sphere module on the FS5 spectrofluorometer. Irradiation experiments were performed using a handheld lamp (365 nm, Entela) or a custom-built UV-LED photoreactor with a peak output wavelength of 400 nm. The design of the photoreactor has been previously reported. 5 
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Synthetic Procedures
Scheme S1. General reaction conditions for the synthesis of dianthryl sulfoxides.
Synthesis of 4,4'-(sulfinylbis(anthracene-10,9-diyl))bis(N,N-bis(4-(tert-butyl)phenyl)aniline) (2a)
Scheme S2. Reaction conditions for the synthesis of 4,4'-(sulfinylbis(anthracene-10,9-diyl))bis(N,N-bis(4-(tert-butyl)phenyl)aniline) (2a).
4-(10-bromoanthracen-9-yl)-N,N-bis(4-(tert-butyl)phenyl)aniline (7)
. In a Schlenk flask, toluene (50 mL) and water (15 mL) were sparged with N2 for 1 h before 6 (0.500 g, 1.24 mmol, 1.0 equiv.), 9,10-dibromoanthracene (0.440 g, 1.30 mmol, 1.05 equiv.), tetrabutylammonium bromide (TBAB) (0.400 g, 1.24 mmol, 1.0 equiv.) and K2CO3 (0.860 g, 6.20 mmol, 5.0 equiv.) were added. The reaction mixture was sparged with N2 for another 10 mins. Pd(PPh3)4 (0.0014 g, 0.01 mmol, 0.1 equiv.) was added to the reaction mixture and the reaction heated to 110 °C and left overnight with stirring. The reaction was quenched with water (100 mL) and extracted with CH2Cl2 (3 × 50 mL). The organic layers were combined, washed with brine, dried over anhydrous MgSO4, filtered and concentrated in vacuo. The crude product was dry loaded onto silica and purified by flash column chromatography on silica gel using a solvent gradient, starting with hexanes and ending with CH2Cl2 /hexanes (1:1) to afford 7 as a yellow solid. Yield: 0.375 g (75%). 1 
4,4'-(sulfinylbis(anthracene-10,9-diyl))bis(N,N-bis(4-(tert-butyl)phenyl)aniline) (2a).
In an oven-dried Schlenk flask, 7 (0.875 g, 1.43 mmol, 1.0 equiv.) was dissolved in dry THF (30 mL) and the flask was cooled to -78 °C. n-BuLi (1.6 M in hexanes, 1.06 mL, 1.71 mmol, 1.2 equiv.)
was added dropwise at -78 °C and stirred for 1 h. The reaction was kept in the dark and wrapped with foil before proceeding. Dimethyl sulfite (0.060 mL, 0.715 mmol, 0.5 equiv) was added in one portion and the reaction was warmed to room temperature and allowed to stir overnight. The solvent was removed in vacuo. With minimal light exposure, the crude product was dry loaded onto silica and purified by flash column chromatography in the dark, on silica gel using a solvent gradient, starting with hexanes/CH2Cl2 
10-Butyl-10H-phenothiazine (8).
In a round bottom flask, phenothiazine (5.00 g, 25.0 mmol, 1.0 equiv.) and NaOH (ground up pellets) (1.10 g, 27.0 mmol, 1.1 equiv.) were dissolved in DMSO (65 mL) and stirred for 30 mins at room temperature. 1-Bromobutane (2.70 mL, 25.0 mmol, 1.0 equiv.) was added dropwise, and the reaction mixture was heated to 50 °C and left to stir overnight.
The reaction was quenched with water (100 mL) and extracted with CH2Cl2 (3 × 50 mL 
10-Butyl-3-vinyl-10H-phenothiazine (10).
In an oven-dried Schlenk flask, 9 (1.00 g, 3.53 mmol, 
3,3'-((1E,1'E)-(sulfinylbis(
anthracene-10,9-diyl))bis(ethene-2,1-diyl))bis(10-butyl-10H-phenothiazine) (3a). 11 (0.300 g, 0.559 mmol, 1.0 equiv.) was dissolved in dry THF (30 mL) and cooled to -78 °C. n-BuLi (1.6 M in hexanes, 0.41 mL, 1.12 mmol, 1.2 equiv.) was added at -78 °C and stirred for 1 h. The reaction was kept in the dark and wrapped with foil before proceeding.
Dimethyl sulfite (0.02 mL, 0.280 mmol, 0.5 equiv.) was added in one portion and the reaction was warmed to room temperature and allowed to stir overnight. With minimal light exposure, the crude product was dry loaded onto silica and purified by flash column chromatography in the dark, using a solvent gradient starting with CH2Cl2/hexanes (1:1) to CH2Cl2 to afford 3a, a red solid. Yield:
0.174 g (58% 
General procedure for photoconversion
In an open 20 mL screw-top scintillation vial equipped with a magnetic stir bar, ~10 mg of 1a, 2a
or 3a was dissolved in 0.5 mL of deuterated solvent. The solution was irradiated with a hand lamp Absolute quantum yield measurements were made in triplicate and reported as an average of the three measurements.
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Photoreactivity Experiments Figure S13 . 1 H NMR spectra showing the conversion of (a) 2a to 2b using 365 nm light (400 MHz, CDCl3) and (b) 3a to 3b using 400 nm light (400 MHz, C6D6).
General procedure for molar absorptivity measurements
For each compound, four solutions of 1a, 2a, 3a of specific concentration were prepared in CH2Cl2.
The molar absorptivity was determined at the wavelength of maximum absorbance (max) using a calibration curve. Immediately following the absorbance measurement, the solutions were irradiated with 365 nm light (hand lamp) in the cuvette until no further change in the absorption spectra was observed. It is assumed that full conversion of the sulfoxide species (1a, 2a, 3a) to the respective bianthracene photoproducts (1b, 2b, 3b) occurred. 2a  2b 410, 450 [b] 25980, 16721 [b] 37572, 3154 [b] 3a  3b 470 21069 8982
[a] Beer's Law was not obeyed for 1b at 410 nm as the absorbance was too low at this wavelength. A low molar absorptivity (1000 L mol -1 cm -1 ) was used for in the calculations.
[b]
When 470 and 500 nm LEDs were used for irradiation, the change in absorbance at 410 nm was monitored. When a 405 nm LED was used for irradiation, the change in absorbance at 450 nm was monitored for 2a and the molar absorptivity was adjusted for accordingly. 
Mathematical manipulation of kinetics data
The absorption spectra of the dianthryl sulfoxide species (ASM) and its respective bianthracene photoproduct (AP) overlap at the wavelength monitored during the photochemical conversion. In order to determine the change in concentration and % conversion accurately, the following equations were used to account for the overlapping regions of the spectrum:
Since, = and = (Eq. S1 and Eq. S2)
The total absorption in the overlapping regions of the spectrum is given by:
At t = 0 s, the initial concentration of the starting material (cSM,0) is given by:
Rearranging Eq. S4 and inserting into Eq. S3 gives
Solving for the concentration of the sulfoxide species at a given time:
Where Atot is the measured absorbance, and are the molar absorptivities of the starting material (SM, dianthryl sulfoxide) and the product (P, bianthracene photoproduct) determined using a calibration curve at the wavelength monitored (Table S2) . Therefore, the change in concentration as a function of time can be monitored using UV-vis absorption spectroscopy to determine the % conversion for 1a, 2a and 3a. 
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Reproducibility experiments
To demonstrate the reproducibility of the CIE trajectories, thin films prepared from the same mixture were irradiated with 400 nm light (photoreactor). Differences in the initial chromaticity coordinates of trial 1 and 2 using the same mixture (Table S4) 
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Different formulations
Irradiation experiments using 400 nm light (photoreactor) on thin-films prepared from different mixing ratios of 1a (B), 2a (G) and 3a (R) were performed to demonstrate the possibility of producing different colors upon irradiation from same dyes. The mixing ratios by weight are highlighted in Table S5 . Table S5 . Chromaticity coordinates (x, y) of thin prepared from different mixing ratios of 1a (B), 2a (G), 3a (R) doped into PMMA before (initial) and after (final) irradiation with 400 nm light Information about the app can be found at http://researchlabtools.blogspot.com/. Whatman filter paper (diameter = 42.5 cm) were used as paper substrates for the fabrication of the patches. 10 L of the fluorescent ink was dropped in the middle of the of the filter paper. The smartphone was held with a tripod and placed approximately 15 cm above the filter paper. A hand-lamp (365 nm) was held at approximately 45° angle above the filter paper and was used to irradiate the filter papers for approximately 1 minute until no change in color was measured using the app.
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Figure S17. Normalized PL spectra of thin films prepared with doped PMMA (total concentration = 1 wt%). The mixing ratio of RGB was 1:1:1 (by weight) for all mixtures. exc = 365 nm. 
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